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Objectives 

- Development of o mothemotlcal model for fluidized 
jed pyrolysis of silane that relates production 
rate and product properties (size, size 
distribution, presence or absence of fines) 

with bed size and operating conditions 
(temperature, feed concentration flow rote, 
seed size, etc.). 

- Development of user oriented algorithm for 
the model. 

- Parameter sensitivity study of the model. 


Needed 

- Assumptions on mixing pattern of gas and 
solids. 

- Mass and energy balances for gas and sol Id 
phase. 

- Constitutive relationships 

- Homogeneous nucleatlon rate 

- CVD growth 

- Fines Interactions 

- Scavenging of fines by large portlcles 

- Transport properties in fluidized beds 
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Summary of Work Done 

1. The kinetic studies on silone pyrolysis were reviewed 
ond oil pathways and rate models for si formation via 
st lone pyrolysis were stumor ized. A CVD growth and 
homogeneous rote form were selected. 

2. A simplified model wos developed ossuming the 
reactor to be completely mixed This model was 
solved for both batch as well os continuous feed 
of solids with/without homogeneous nucleatlon. 

3. A computer program was developed for a more 
general fluidized bed model based on the modified 
two phase theory accounting for CVD growth only. 

4. A detoiled model based on population balance 
approoch was developed for predicting particle 
size distribution of fines when CVD growth, 
coagulation, scavenging by seed particles ond 
homogeneous nucleation take Place. 
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Back-Mixed Reactor Model 

(1 Balance on SiH 4 (9) 

«f C s.f ' Vs.e ’ V ^HT , 1 * V? HT,2 + Vr HO 

where 

vir u _ 1 = total rata of CVD on seed particles 

HT 1 i 

• V 4 ’ R2 'V r HT 

r„ T - A exp <-AE/R g T p ) C, f# 

Vr u _ - = total rate of CVD on fines 
HT 9 4 

Vr urt - total rate of homogeneous nucleation 

HO 

(2/ Balance on seed solids (uniform particle size) 

dR • !j*I !I*i + W sca 
^ °si 4 tiR 2 N s 0 si 

where m = total rate of scavenging 
v 

- p . / max v a(v) n (v r t) dv 

S1 v* 

\l, Energy balance 
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,4) Balance equation for fines 


3 "t V,t > + R elu (v ' t) + t» "Cv.UI 


v/2 . 

/ 3 (v-v, v) n(v-v,t) n(v,t) dv 

v* 


- / 

V* 


B(v,v) n(v,t) n(v,t) dv 


R sca (v,t) + S (v f t) 


where 

I(v,t) 

S (v, v) 

R elu (v ' t) 


rate of particle growth * dv/dt 
= the coagulation coefficient 
= rate of elutriation ■ K(v)*n(v,t) 


R sca <v ' t) 


S(v,t) 


= rate of scavenging * a (v) »n (v, t) 

= rate of generation of fines by 
homogeneous nucleatior. = S q *6<v-v*) 


Define the total volume by the first moment: 
v 


M. (t) = / 

1 v* 


v n(v,t) dv 


For t e special case: K(v) = const. K 

I (v, t ) ^ jV 

. (v, v) = .j (v + v) 


i(v) 


const . 


S o v * 


V t: “ 1— --rcr — K ) » <« 


[a 1 - (a t K) it 


- 1) 
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Input Datp (From JPL 6-in. FBR Experiments) 


1. Reactor Specifications 

bed diameter - 15 .4 cm (6.065* l.D.) 

no. of orifice holes « 4500 
orifice area » 0.02 cm 2 


2. Operating Conditions 

total pressure of gas * 1.34 atm 

total volumetric flow rote = 600 cm^/s - 1200 cnrVs 

(1.97 moles/mln - 
3.94 moles/mln) 

feed ratio of CIH^ ■ 20Z - 80Z 

initial total wt. of seed solids * 10 to 12 kg 

Initial diameter of seed solids = 200 - 240 urn 


entering gas temp, 
woll temp. 

distributor plots temp. 


- 25°C 

* 600 - 800 °C 
= 200° C 
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Back-Mixed Reactor Model 

5ed porameters needed 

- heat transfer coefficient 

between bed and wall Mender and Cooper (1958) 

- heat transfer coefficient 
betv.j j.: bed and 
distributor Plate 

_ ;nf - bed height at minimum 

fluidizing conditions Kunli and Levensoiel (1969) 

<(R) - elutrlatlon constant Men and Hashtnger (1960) 

<lnetlc parameters needed 

CVD growth rote lya et al. (1982) 

homogeneous nudeation 
/reaction rate 

^article interaction parameters needed 

coogulation coefficient for fines 
scavenging coefficient 
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1 

j CSTR - Batch Solids (80%) 
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Bubbling Bed Model 
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Be d parameters needed 

h 4 - jet penetration depth 
3^ - average bubble diameter 

5^ - average volume fraction 

L f “ expanded bed height 
U fa - average bubble velocity 

U # - upward velocity of gat 

through the emul e ion pha-a 


(K^) b# (H^)^ - overall matt and heat 

trantfer coefficient 
batve»* v -» bubbles 
a*.d tne intCi. tal 

gat 

K je # H je * overall matt and heat 

transfer coefficiert 
between the jett ana 

t."’^ intei st it ial u s 


h 


w ' 


V L mf K ‘*> 

Kinetic parameters needed 


- CVD growth rate 


- homogeneous nucleation 


Yang and Keairnt (1979) 
H* «r and Clough (1981) 


Xunii and Levenapiel (1969) 


lbit 


ibis 


Me liter and Clough (1981) 


Xya et al. (1982) 


/reaction rate 

Particle interaction parameters n eeded 
- coagulation coefficient for fines 


covengmg coefficient 



bed temp . (c) 


V*' *. 
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FBR - Batch Solids (20%) 



I A- - 1 — L ■ . 1 X. . ■— .1 - ■■ ■ ■■ 

500 620 640 660 600 700 720 740 760 780 000 
wall temp. ( c . 
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wall temp, (c) 


Selected Examples From JPL 6-in. FBR Experiments 


Silicon Seed Experimental Condition* 



Wo i fjht 
(Kg) 

'V 

(pm) 

Silane Cone en. 
(t) 

Bed temp. 

CC) 

Total gas 
flow rate 
(molea/min) 

Duration 

(min) 

Example 1 

10. SO 

227 

20 

650 

3.0 

90 

Example 2 

11.34 

212 

90 

650 

2.5 

173 


Product Comparison 


Experimental Data Model Predicted (CSTR) Model Predicted (FBR) 

Production rate 3 Production rate 3 Production rate 3 

(Ks/hr > <m£> ,K9/hr) (ul) <*9/hr> ( M S, 


*«•»? 1* 1 0.87 235.5 1.00 237.4 0.93 236.6 

Kjuapl* 2 3.50 241.5 3.SST 250.3 3.15 257.T 
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OWGiNAL 
OF. POOR 


quality Conclusion 


— A preliminary comparison with, two experimental results 
of JPL shows a reasonable agreement of model prediction 
tuith experiments • 

The depositor! idle conversion of si lone ore found 
be lower for the too -phase fui^jed. W model ( FBR model) 
compared to the ziell- mixed reactor ( C5TR model ) . 

Only at low few ra^s he performances from both. model 
predictions are close . 

— For the mere general FBR model the deponton rats and 
Ccnvmion op tt rough a slight rrflximurri as the bed. 
^ar.xrature is increased . Optimum. Cfe r «~"j &»\dit;ms 
•pr the fed Wratre and f Wfe fan be slnwUfed by 
this model . 

— Tie CSTR mT- ! which rneoooreTs hoik f,t mc^e.iecMS 
aid fice/Mereum reaction was rle w ! w-ad u- preset 
t>vf vtr=M~cn ,cagi<!ft!rcn J ni Scavenging of -fines . 

Tcswfe sjw j*rH&Oi|anC£ 15 

Sensitive to the tbnetic and wadlbn parameters • 

The results can he improved by using a. more raalistit 
FBR ridel and Wfer esliim+es of parametrs . 
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